


IMPACT OF IDEAL PROTEIN CONCEPT ON LOW CRUDE PROTEIN DIETS supplemented with LAAs FOR BROILERS: EFFECTS ON GROWTH PERFORMANCE, NITROGEN DIGESTIBILITY, AND ECONOMIC ADVANTAGES


ABSTRACT
This study aimed to investigate the effects of broiler chicken on low crude protein diets with supplementation of four limiting essential amino acids (LAAs): tryptophan, threonine, lysine and methionine, on growth performance, nitrogen utilization and economic benefits. One hundred and twenty (120) unsexed commercial day oldday-old chicks of Arbor Acre strain were acquired and randomly distributed into five dietary treatments with three replicates of eight (8) chicks each. The five experimental diets were formulated with different dietary crude protein (CP) levels, such that there were 2% CP reductionreductions from the control diet as indicated from diet 2 to 16% CP (-8% CP) in diet 5. The %CP of the experimental diets were 24 (control), 22, 20, 18 and 16% for the starting period (Day 1-28) and 22, 20, 18, 16 and 14% CP for the finishing period (Day 29-56), respectively. The low-CP diets were supplemented with combined LAAs (threonine, tryptophan, lysine and methionine) to meet the respective levels of the amino acids requirement according to (NRC, 1994). Data on growth parameters, nitrogen digestibility and economic analysis. Birds on diet 2 (22% CP) had the highest (P<0.05) final body weight, average daily weight gain, lowest feed intake and best and lowest feed conversion ratio while birds on diet 5 (16% CP) had the lowest (P<0.05) final body weight, average daily weight gain, highest feed intake and feed conversion ratio. The nitrogen intake had the highest similar values of 3.13±0.08gN and 3.06±0.01gN for birds on the standard control diet of 24% CP and diet 2 containing 22% CP. The nitrogen retention (NR) had the highest significant (P<0.05) value of 3.04±0.06gN for birds on control diets. The lowest significantly different (P<0.05) apparent nitrogen digestibility (AND) value of 52.45±0.16% was obtained for birds on diet 5 (16% CP) supplemented with LAAs. The economic analyses were better at diet 2 and diet 3. Dietary supplementation with LAAs to low-protein diets (22-20%CP) improved the economic returns of broiler chickens. LAAs supplemented Ccommercial broiler diets can be formulated with 4% CP reduction in both starter and finisher diets with LAAs supplementation with economic benefits in broiler production without adverse health implication. 	Comment by Alfred Llewellyn Mark ALM. Anthony: The highest similar values was throughout the different growth stages
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1.					INTRODUCTION
Satisfying the nutritional demands of poultry birds (broilers) which takes up to 75 – 80% of production cost while the prices of these conventional feedstuffs continue to rise has left the animal scientists with no other choice than to keep looking into solutions to the menace. Over the past few decades, one of the most important roles of nutritionists in the poultry industry is to reduce the feed cost while ensuring optimum utilization and growth performance [1].
The major component of this cost is the high protein ingredients, such as soybean meal and fish meal to get maximum tissue accretion [2]. To deal with these constant elevating protein prices, with enhancing or at least maintaining bird performance, it is necessary to find ways to partially replace this high protein feed ingredient without any detrimental effect [2]. Protein (the polymer of AAs) is the major component of growth in animals and has been a focus of nutritional research over the past century [3]. Amino acids (AAs) are natural substances containing both amino and acid groups. Proline, which contains an imino group but not an amino group, is loosely considered as an Amino Acid in nutrition and metabolism [4].  
Amino acids [5], minerals [6], and vitamins [7] which are common ingredients of poultry ration or a combination of them [8;9] can be nutraceuticals, especially important in poultry feeding. Generally, poultry receives nutrients through the consumption of natural feedstuffs, but some key essential amino acids (lysine, methionine, threonine and tryptophan), vitamins and minerals are often offered as synthetic supplements.
The benefits of diets based on digestible amino acids, given an ideal protein concept, have been widely reported in studies with broilers [10]. Torki et al., [11], observed that reducing dietary protein from 165 to 120 g kg-1 and supplementing with amino acids is sufficient to maintain the performance of Lohmann Selected laying hens. Additionally, Soares et al., [12], stated that ideal amino acid profiles depend on various factors, including genetics, environmental conditions, and the age of the broilers. Therefore, it is crucial to consider these factors when formulating broiler diets based on the ideal protein concept. The use of the ideal protein concept in broiler diets offers several advantages. The first advantage is improved cost-effectiveness. By formulating diets based on the ideal protein concept, broiler producers can reduce the amount of expensive crude protein needed in the diet while still meeting the essential amino acid requirements of the birds [13]. This not only saves costs but also improves the efficiency of nitrogen utilization, resulting in reduced environmental impact. Furthermore, the ideal protein concept ensures optimal growth and performance of broilers. By providing broilers with a diet that meets their essential amino acid requirements, the ideal protein concept optimizes growth and performance. It ensures that the birds have an adequate supply of essential amino acids for muscle development, immune function, and overall health. So, the current study aims at evaluating the growth performance, nitrogen utilization and economic benefits of broiler production using   the ideal protein concept on low protein broiler diet. 



2. 					MATERIALS AND METHODS
2.1	Experimental Site
The experiment was carried out in the Poultry Unit of the Teaching and Research Farm (T & RF) of Ekiti State University, Ado-Ekiti with geographical coordinates of 7o 38’0” North, 5o 13’ 0” East. The T &RF and a tropical humid climate with distinct wet and dry seasons. The rainy season spans over seven months starting from March/early April to October with a dry spell in August. Temperature in this area is fairly uniform throughout the year with little deviation from the mean annual of 27oc. The topography is moderately sloppy with the highest point having the slope of not greater than 6%. The main vegetation is grass but activities like bush fallowing influences vegetation. The experiment was carried out between August and September, 2022. Further laboratory analyses were carried out at the Animal Sciences Laboratories of Ekiti State University and The Afe Babalola University, Ado Ekiti.
2.2 	Site Preparation
Prior to the arrival of broiler chicks, the poultry house and metabolism cage were thoroughly washed and fumigated with diskol (a disinfectant containing 4% benzalkonium chloride, 3% glutaraldehyde, 14% formaldehyde, stabilizers, antioxidants and activators). The house was covered to prevent heat loss and brooding equipment installed.
2.3 	Sourcing of Pharmaceutical Feed- Grade Amino Acids
Feed-grade L-Lysine, L-Tryptophan and L-Threonine amino acids were ordered from Ajinomoto Animal Nutrition, Ajinomoto North America, Inc., 4020 Ajinomoto Drive, Raleigh, USA. Pharmaceutical-grade amino acids are reputed to be between 99% and 100% pure.


2.4 	Experimental Diets
The feed ingredients used in ration formulation were purchased locally from a reputable commercial feed miller. Feed-grade amino acids were sourced as previously discussed. The experimental diets were compounded and manually mixed on the clean floor of the Poultry Section of the Teaching & Research Farm. The experimental diets are presented in Table 1 and Table 2. The dietary treatments were formulated to contained an approximate value of 24.0% crude protein of both plant and animal (fish meal) origins with a substantial supplementation of DL-Methionine and L-Lysine for diet 1 (control diet). Diets 2, 3, 4 and 5 contained reduced inclusion levels of crude protein of plant origin at approximate values of 22.0%, 20.0%, 18.0%, and 16.0%, respectively during the starter phase (days 1-28); 22.0% for diet 1 (control diet), diets 2, 3, 4, and 5 contained reduced inclusion levels of crude protein of plant origin at approximate values of 20.0%, 18.0%, 16.0% and 14.0%, respectively during the finisher phase (days 29-56). In essence, crude protein was reduced by 2 points across the diets from diet 1 to diet 5. The four most limiting essential amino acids [14] in broilers were supplemented as required in the low crude protein diets.
2.5 	Management of Experimental Birds
One hundred and twenty dayhundred- and twenty-day old chicks were randomly picked after the 3rd day of the chicks for the experiment. The chicks were brooded in a brooder house using electricity supplied constantly by 1KVA stand-by power generating plant at the Ekiti State University Teaching and Research Farms. During the first week of the broiler starter phase, the chicks were fed on commercial chicks mash containing 24% crude protein (CP) before the commencement of the experiment. The chicks were managed on the floor for this phase of experiment. Appropriate veterinary routines were observed from day old.

2.6 	Experimental Design
One hundred and twenty (120) broilers chicks were randomly assigned into 5 experimental treatments using a completely randomized design (CRD). The 5 treatments were replicated 3 times and each replicate contained 8 birds. The average weights of birds in each replicate were taken and carefully balanced to ensure uniformity of weights in all treatments.
2.7 	Nitrogen Determination
Three birds were randomly selected such that at least a bird comes from each replicate/treatment 5 days before the termination of the experiment to determine the nitrogen retention of birds on each diet. These birds were transferred into metabolic cages where the excreta could be collected for analyses. Estimation of nitrogen retention and apparent nitrogen digestibility were calculated. Total excreta voided during the last 5 days were collected, weighed, dried at 65-70oC in an air circulating oven for 72 h and preserved while the corresponding feed consumed was also recorded for nitrogen studies. The nitrogen contents of the samples were determined [15]. Nitrogen retained was calculated as the algebraic difference between nitrogen intake and faecal nitrogen (on dry matter basis) for the period. Apparent nitrogen digestibility was computed by expressing the nitrogen retained as a fraction of the nitrogen intake multiplied by 100.
2.8 	Cost Implications/Economics Analysis
One of the objectives of this study is to assess the economics of using feed-grade amino acids to supplement for crude protein in the diets of broilers. This will be assessed as described below:
For profitability analysis, it shall be determined as follows:
Õ = TR – TC (1)
TR = Pq*Q (2)
TC – TVC + TFC (3)
Where:
Õ = Net profit; TR = Total Revenue from broiler; TC = Total Cost involved; Pq = Price for each phase of broiler production; Q = Total output for each phase of broiler production; TVC = Total Variable Cost involved in the broiler production; TFC =Total Fixed Cost involved in the broiler production.
The equations above will be used to determine the profitability of the broiler production. The profitability level of the broiler production using feed-grade amino acids will be compared with that of feed with conventional diets in the control experiments.
2.9 	Statistical Analysis
Data collected were subjected to analysis of variance (ANOVA) and means among treatments were separated accordingly using Computer Minitab Statistical Package (Version 16) [16].

3. 					RESULTS AND DISCUSSION
3.1 	Growth Performance
The effects of supplementing synthetic LAAs profile (tryptophan, threonine, methionine and lysine) in a low-protein diet for broiler chickens during the experimental periods on final body weight (FBW), average daily weight gain (ADWG), average daily feed intake (ADFI) and feed conversion ratio (FCR) FBW, ADWG, ADFI, and FCR are presented in Table 2. At starter phase (days 1 -28) and finisher phase (days 29 - 56), broiler chickens fed diets with 2% CP reduction from control and supplemented with four most limiting essential AA (diet 2) exhibited greater values for final body weight (FBW) and average daily weight gain (ADWG) compared to control and other treatments.  
[bookmark: _Hlk219121081]Dietary treatments significantly (P<0.05) influenced final body weight (FBW), average daily weight gain (ADWG), average daily feed intake (ADFI) and feed conversion ratio (FCR). The final body weight (FBW) and average daily weight gain (ADWG) of broiler starter birds fed low crude protein diets supplemented with four most limiting amino acids were significantly (P<0.05) different across the treatments with the highest values of 675.86±2.90g/bird and 23.48±0.10g/bird obtained respectively for broiler starter birds on diet 2 containing 22% CP with amino acid compensation and the lowest values of 463.41±2.48g/bird and 15.62±0.11g/bird obtained respectively for broiler starter birds on diet 5 containing 16% CP with amino acid compensation. The average daily feed intake (ADFI) values (69.80±1.20g/bird and 65.32±1.54g/bird) observed for broiler starter birds were similar (P>0.05) for birds on diet 3 containing 20% CP with LAAs compensation and diet 4 containing 18% CP with LAAs compensation respectively. The lowest value (41.87 ± 1.38g/bird) of ADFI was observed for birds in diet 2 containing 22% CP with LAAs compensation. The feed conversion ratio (FCR) had the best value of 1.78 ± 0.07 for birds on diet 2 containing 22% CP with LAAs compensation. However, similar (P<0.05) values of 3.52 ± 0.08 and 3.60 ± 0.05 were obtained for broiler starter birds on diets 4 and 5 respectively. There were significant (P>0.05) differences in the final body weight (FBW), average daily weight gain (ADWG), average daily feed intake (ADFI) and feed conversion ratio (FCR) of broiler finishers fed low crude protein diets supplemented with amino acid. Broiler finishers fed diet 2 (20% CP with LAAs) had the highest FBW of 2209.73 ± 9.46g/bird and maximum ADWG 56.81 ± 0.24g/bird. Finishers fed diet 5 (14% CP with LAAs) had the lowest values of 1891.84 ± 12.64g/bird and 52.89 ± 0.56g/bird for FBW and ADWG respectively. Broiler finishers fed diet 3 containing 18% CP with LAAs compensation had similar FBW and ADWG with the control. Broiler finishers fed diet 5 containing 14% CP with LAAs compensation had the highest ADFI (215.83 ± 8.39g/bird) while those fed diet 2 containing 20% CP with LAAs compensation had the lowest intake (161.92 ± 0.80g/bird). However, those fed diets 3 (18% CP with LAAs) and diet 4 (16% CP with LAAs) were statistically similar (P<0.05). Broiler finishers fed diet 2 containing 20% CP with LAAs compensation had the best FCR (2.85 ± 0.02 g/bird) whereas those fed diet 5 containing 14% CP with LAAs compensation had the lowest conversion rate (4.08 ± 0.12g/bird). Finishers fed diet 3 containing 18% CP with LAAs compensation and those fed control diet had similar FCR values of 3.82g/bird ± 0.10 and 3.74 ± 0.03g/bird respective.
The desire to feed low crude protein diets to poultry birds while meeting the required amino acids in broiler nutrition has increased the interest of animal nutritionists to researching on most limiting amino acids such as methionine, lysine, threonine, valine, and tryptophan required for optimal growth performance of broiler chickens [17, 18, 19, 20, 21]. Waldroup et al., [17] opined that a balanced mixture of several synthetic amino acids may be more effective than supplementing a low crude protein diets with a single essential amino acid. However, the present study indicated that growth performance parameters varied significantly (P>0.05) for birds across all the experimental treatments. The significant variations (P>0.05) of the final body weight (FBW), average daily weight gain (ADWG), feed intake (FI) and feed conversion ratio (FCR) were remarkable. The control diet was formulated with both animal and plant protein origins and was ensured to meet the nutrient requirements [14] of the broiler chickens. Amino acid compensation was maintained at the minimum conventional requirements for methionine and lysine of broiler production [22]. The growth performance result of broiler starter birds experienced in this recent studyies was consistent with previous studies [22, 23, 24]. Previous studies reported that there were reductions in the final BWs and average DWGs when crude protein in the diets were reduced from 23% to 18% and fortified with essential amino acids [23, 25]. Namroud et al [24] reported that decreasing dietary crude protein below minimum level of 19%, even with maintained essential amino acid levels, retarded growth, drop in feed intake and increased feed conversion ratio. Many researchers had suggested that crystalline amino acids may not be able to completely replace crude protein in diets [17, 22, 24, 26, 27]. 
Broiler finisher on diets 2 with 20.00%CP had the highest values of 2209.73±9.46g/b/d and 56.81±0.24g/b/d for final body weight (FBW) and average daily weight gain (ADWG) respectively and the lowest value of 1891.84±12.64g/b/d and 52.89±0.56g/b/d were obtained for birds on diets 5 containing 14.00%CP with most limiting amino acids (LAAs) supplementation. The calculated feed conversion ratio had the best value of 3.20±0.02 for broilers finisher on diets 2 containing 20.00%CP with LAAs supplementation. Similar values were obtained for broiler finishers on diets 1 (control), diets 3 (18.00%CP with LAAs) and diets 4 (16.00%CP with LAAs). The present result did not sit well with the findings of Corzo et al., [27] and Waldroup et al., [17] who reported that reducing dietary protein levels combined with essential amino acids supplementation had a positive impact on the growth performance of broiler finisher. Van Harn et al., [28] also reported that there were no differences in BWG between the control fed birds and the broilers who received the AA supplemented low CP diets. Pesti [29] reported that chickens fed low-protein diets, despite having enough of each essential amino acid to support excellent growth, failed to thrive and were excessively fat. It was realized that chickens require the essential amino acids plus some other amounts of nonessential amino acids to synthesize protein at acceptable rates [22, 29]. The findings of this current study agreed with Fasuyi et al., [22] that chickens require not only the essential amino acids but also some other quantities of amino acids, which have been referred to as the “nonessential” amino acids. 

3.2	Nitrogen Utilization
The result of nitrogen utilization of broiler chickens fed varying levels of crude protein diets with amino acids supplementation is presented in Table 4
Except for nitrogen in droppings all other parameters were significantly (P<0.05) influenced. Expectedly, the average nitrogen intake (NI) was highest in birds on the control diet and was lowest in birds on diet 5 (16.0% CP with LAAs).  However, birds on diet 2 (22.0% CP with LAAs) showed similarity with those on control diet. There was a continuous decrease in the average NI values from birds on the control diet to the birds on the diet with the least crude protein of 16.0%. The average nitrogen retention (NR) ranged from 3.04±0.06g/N for birds on control diet (24% CP) to 2.02±0.01gN for birds on diet 5 (16% CP with LAAs). The apparent nitrogen digestibility decreased across the dietary treatments with the highest digestibility value of 76.75 ± 0.38% for bird on diet 2 (22% CP with LAAs) and the lowest digestibility value of 52.45 ± 0.16% for birds on diet 5 (16% CP with LAAs). The nitrogen in droppings had similar (P>0.05) values ranging from 0.03±0.00gN for birds on diet 4 (18% CP with LAAs) and diet 5 (16% CP with LAAs) to 0.07±0.01gN for birds on control diet.
The average nitrogen intake (NI) had the highest significant (P<0.05) value for birds on the control diet at 3.13±0.08gN and had the lowest (P<0.05) value of 1.87 ± 0.21gN for birds on the diet 5 (16.0% CP with LAAs).  The reduction in the average NI values from birds on the control diet to the birds on the diet with the least crude protein of 16.0% CP with LAAs agreed with the findings of Fasuyi et al., [22] who also recorded a consistent reduction in the values obtained from 2.17±0.01gN to 0.80±0.02gN. The average nitrogen retention values were similar (P>0.05) for birds on the control diet, diet 2 (22.0% CP with LAAs) and diet 3 (20.0% CP with LAAs) at 3.04 ± 0.06gN, 3.00 ± 0.60gN and 2.91 ± 0.02gN respectively. The lowest significantly different (P<0.05) nitrogen retention value of 2.02 ± 0.01gN was obtained for birds on diet 5 (16.0% CP with AA). The Apparent Nitrogen Digestibility (AND) decreased in values across treatments with the highest value obtained in birds on diet 2 (22% CP with LAAs) and the lowest values in birds on diet 5 (16% CP with LAAs). There was a reduction in the value of AND as the CP reduced. The current findings are in line with the findings of Fasuyi et al., [22].  Abbasi et al., [30] postulated that the higher crystalline amino acids content of diet may result in better amino acid availability and consequently, the better protein efficiency ratio obtained for some experimental chicks on very low crude protein diets. Fasuyi et al., [22] also postulated that the availability of free crystalline amino acids is higher than that of amino acids in intact proteins.

3.3	Economic Analyses
The economic analyses of broiler chickens fed varying levels of crude protein diets with LAAs Supplementation is shown in Table 5. 	Comment by Alfred Llewellyn Mark ALM. Anthony: Were the LAAs counted for in the cost of production and did they have any impact on cost of production
The total cost of production and total revenue was highest for birds on diets 2 and are lowest for birds on diets 5. The total net return/bird was highest for birds on diet 2 (22% CP with LAAs) at N933.40. Next to this were birds on diet 3 (20% CP with LAAs) at N883.00, birds on control diet (24% CP), birds on diet 5 (16% CP with LAAs) and those on diet 4 (18% CP with LAAs), respectively. Interestingly, birds on diet 2 (22% CP with LAAs) and diet 3 (20% CP with LAAs) had the highest and better net returns over the control diet formulated with conventional CP level of 24.0% without LAAs compensation. 	Comment by Alfred Llewellyn Mark ALM. Anthony: How much was the cost of production so that it can assist in drawing a clear conclusion
The total net return/bird was highest for birds on diet 2 (22% CP with LAAs) at N933.40. Next to this were birds on diet 3 (20% CP with LAAs) at N883.00, birds on control diet (24% CP), birds on diet 5 (16% CP with LAAs) and those on diet 4 (18% CP with LAAs). Interestingly, birds on diet 2 (22% CP with LAAs) and diet 3 (20% CP with LAAs) had the highest and better net returns over the control diet with CP at the conventional 24.0% CP and 22% CP for broiler starter and finisher diets respectively. Pesti [29] opined that achieving maximum growth and production may not necessarily ensure maximum economic yield especially when the cost of protein sources were high. If decreased performance can be tolerated, dietary concentrations of amino acids may, accordingly, be reduced somewhat to maximize economic returns. Also, NRC [14] suggests that maximum technical performance may or may not result in maximum economic efficiency. It was suggested by Pesti [29] that emphasis on amino acid and protein research should be on developing equations that can be used to relate input (cost) and output (performance) to maximize profits under various environmental conditions with each genetic stock. From the economic analyses of production in this current study, it is noteworthy that feeding diets with reduced crude protein with amino acid compensation gave a betterbetter net returns. This finding agreed with the findings of [32, 33, 34, 35], who reported that supplementing low crude protein broiler diets with amino acid showed a slight increase in the net revenues.   However, the bottleneck to the use of synthetic essential amino acids in livestock feeding is the fact that most of them are not commercially available in the market to the farmers in most of the developing countries such as Nigeria and this may not encourage the use of amino acids by farmers due to scarcity and high cost of the available ones particularly in the current Naira-Dollar exchange rate. 










Table 1. Composition experimental diet for broiler starter with amino acids compensation for low crude protein diets (days 1 -28)

	
Ingredients
	Experimental Diet

	
	D1
	D2
	D3
	D4
	D5

	
	Crude Protein Content

	
	24%
	22%
	20%
	18%
	16%

	[bookmark: _Hlk144694068]Maize (11% CP)
	55.0
	55.0
	55.0
	55.0
	55.0

	Soyabeans (44% CP)
	18.0
	16.0
	13.0
	10.0
	7.0

	Groundnut cake (44% CP)
	16.0
	13.0
	10.0
	10.0
	6.0

	Fish meal (72% CP)
	3.0
	3.0
	3.0
	3.0
	2.0

	Wheat offals (15.6% CP)
	4.2
	6.7
	12.0
	15.1
	22.7

	Dicalcium phosphate
	2.0
	2.0
	2.0
	2.0
	2.0

	Limestone
	1.0
	1.0
	1.0
	1.0
	1.0

	Premix*
	0.3
	0.3
	0.3
	0.3
	0.3

	DL-Methionine
	0.1
	0.1
	0.1
	0.1
	0.1

	L-Lysine
	0.1
	0.1
	0.1
	0.1
	0.1

	[bookmark: _Hlk144694894]Salt
	0.3
	0.3
	0.3
	0.3
	0.3

	Synthetic Amino acid supplementation 

	Lysine
	
	0.94
	1.04
	1.20
	1.30

	Methionine
	
	0.52
	0.58
	0.64
	0.72

	Tryptophan
	
	0.22
	0.24
	0.27
	0.33

	Threonine
	
	0.84
	0.92
	1.00
	1.15

	Total
	100.0
	100.0
	100.0
	100.0
	100.0

	Calculated Composition

	Crude protein, % 
	23.8
	22.0
	20.3
	18.1
	16.4

	ME (kcal/kg)
	2880.6
	2875.5
	2870.6
	2877.5
	2883.8

	Fat, %
	4.6
	4.4
	4.4
	4.3
	4.5

	Crude fibre, %
	3.9
	3.8
	3.8
	4.0
	4.2

	Analyzed Composition 
	
	
	
	
	

	Crude protein, % 
	24.0
	22.1
	20.0
	18.3
	16.5

	Fat, %
	4.5
	4.4
	4.3
	4.3
	4.5

	Crude fibre, %
	3.9
	3.7
	3.7
	4.2
	4.3

	Moisture Content, %
	9.75
	9.66
	9.65
	9.59
	9.70


*Broiler vitamin-mineral premix supplied the following vitamins and trace elements per Kg diet: 12500UI Vit. A, 25000UI Vit. D, 40mg Vit E, 2mg Vit. K3, 3mg Vit B, 5.5mg Niacin, 11.5mg, Ca, Panto, 5mg Vit B6, 0.025mg Vit. B12, 500mg Choline, 1mg Folic Acid, 0.08mg Biotin, 120mg Manganese, 100mg Iron, 80mg Zinc, 8.5mg Copper, 1.5mg Iodine, 0.3mg Cobalt, 0.12mg Selenium, 120mg Antioxidant.




Table 2. Composition of experimental diet for broiler finisher with amino acids compensation for low crude protein diets (days 29 -56)

	
Ingredients
	Experimental Diets 

	
	D1
	D2
	D3
	D4
	D5

	
	Crude protein Content

	
	22%
	20%
	18%
	16%
	14%

	Maize (11% CP)
	61.0
	60.0
	60.0
	60.0
	60.0

	Soyabeans (44% CP)
	16.0
	14.0
	10.0
	4.0
	2.0

	Groundnut cake (44% CP)
	12.0
	11.0
	9.0
	8.0
	3.0

	Fish meal (72% CP)
	3.0
	2.0
	2.0
	2.0
	2.0

	Wheat offals (15.6% CP)
	4.2
	6.8
	12.5
	19.2
	25.7

	Dicalcium phosphate
	2.0
	2.0
	2.0
	2.0
	2.0

	Limestone
	1.0
	1.0
	1.0
	1.0
	1.0

	Premix*
	0.3
	0.3
	0.3
	0.3
	0.3

	DL-Methionine
	0.1
	0.1
	0.1
	0.1
	0.1

	L-Lysine
	0.1
	0.1
	0.1
	0.1
	0.1

	Salt
	0.3
	0.3
	0.3
	0.3
	0.3

	Synthetic Amino acid supplementation 

	Lysine
	
	1.04
	1.16
	1.25
	1.43

	Methionine
	
	0.38
	0.46
	0.54
	0.60

	Tryptophan
	
	0.24
	0.26
	0.29
	0.33

	Threonine
	
	0.74
	0.82
	0.92
	1.14

	Total
	100.0
	100.0
	100.0
	100.0
	100.0

	Calculated Composition

	Crude protein, % 
	21.9
	20.1
	18.4
	16.3
	14.3

	ME (kcal/kg)
	3120.6
	3115.4
	3100.2
	3008.6
	3002.4

	Fat, %
	4.1
	3.3
	3.3
	3.3
	3.3

	Crude fibre, %
	3.9
	3.7
	3.6
	3.7
	3.5

	Analyzed Composition 
	
	
	
	
	

	Crude protein, %
	22.0
	20.0
	18.1
	16.2
	14.4

	Fat, %
	3.8
	3.4
	3.6
	3.4
	3.2

	Crude fibre, %
	3.9
	3.7
	3.6
	3.7
	3.5

	Moisture content, %
	9.75
	9.66
	9.65
	9.59
	9.70


*Broiler vitamin-mineral premix supplied the following vitamins and trace elements per Kg diet: 12500UI Vit. A, 25000UI Vit. D, 40mg Vit E, 2mg Vit. K3, 3mg Vit B, 5.5mg Niacin, 11.5mg, Ca, Panto, 5mg Vit B6, 0.025mg Vit. B12, 500mg Choline, 1mg Folic Acid, 0.08mg Biotin, 120mg Manganese, 100mg Iron, 80mg Zinc, 8.5mg Copper, 1.5mg Iodine, 0.3mg Cobalt, 0.12mg Selenium, 120mg Antioxidant.









Table 3: Growth performance of broilers chickens fed varying levels of crude protein diets with amino acids supplementation. (g/bird/day)
	Parameters
	Control
	Crude protein reduction/Amino acids supplementation
	SEM

	
	Diet 1
	Diet 2
	Diet 3
	Diet 4
	Diet 5
	

	
	24.00% CP
	22.00% CP
	20.00% CP
	18.00% CP
	16.00%CP
	

	From day 1 – 28
	
	
	
	
	

	IBW
	41.43 ± 0.53
	41.84 ± 1.05
	41.97 ± 0.77
	42.18 ± 0.95
	41.55 ± 0.46
	0.76

	FBW
	654.09 ± 3.50 b
	675.86 ± 2.90 a
	634.61 ± 2.28 c
	542.82 ± 1.25 d
	463.41 ± 2.48 e
	21.26

	ADWG
	22.69 ± 0.14 b
	23.48 ± 0.10 a
	21.95 ± 0.08 c
	18.54 ± 0.01 d
	15.62 ± 0.11 e
	0.97

	ADFI
	51.36 ± 3.39 b
	41.87 ± 1.38 c
	69.80 ± 1.20 a
	65.32 ± 1.54 a
	56.30 ± 0.88 b
	2.66

	FCR
	2.26 ± 0.15 c
	1.78 ± 0.07 d
	3.18 ± 0.04 b
	3.52 ± 0.08 a
	3.60 ± 0.05 a
	0.19

	From day 29 – 56
	
	
	
	
	

	FBW
	2119.02 ± 14.46b
	2209.73 ± 9.46 a
	2106.33 ± 5.97 b
	1995.91 ± 4.04 c
	1891.84 ± 12.64 d
	29.36

	ADWG
	54.26 ± 0.43 b
	56.81 ± 0.24 a
	54.51 ± 0.14 b
	53.82 ± 0.18 bc
	52.89 ± 0.56 c
	0.35

	ADFI
	202.74 ± 2.20 b
	181.92 ± 0.80 c
	208.22 ± 5.70 ab
	211.33 ± 0.29 ab
	215.83 ± 8.39 a
	3.16

	FCR
	3.74 ± 0.03ab
	3.20 ± 0.02c
	3.82 ± 0.10 ab
	3.93 ± 0.02 b
	4.08 ± 0.12 a
	0.08


abcde means along the same row with different superscript are significantly different. (P<0.05)
IBW = Initial body weight, FBW = Final body weight, ADWG = Average Daily Weight gain, ADFI = Average Daily Feed intake, FCR = Feed conversion ratio 

Table 4: Nitrogen utilization of broiler chickens fed varying levels of crude protein diets with amino acids supplementation

	Parameters
	Control
	Crude protein reduction/Amino acids supplementation
	P-Value
	SEM

	
	Diet 1
	Diet 2
	Diet 3
	Diet 4
	Diet 5
	
	

	
	24.00% CP
	22.00% CP
	20.00% CP
	18.00% CP
	16.00%CP
	
	

	Nitrogen Intake (gN/b/d)
	3.13±0.08 a
	3.06±0.01 a
	2.67±0.01 b
	2.24 ± 0.12 c
	1.87 ± 0.21 d
	0.000
	0.13

	Nitrogen in droppings (gN/b/d)
	0.07 ± 0.01
	0.05 ± 0.02
	0.04 ± 0.06
	0.03 ± 0.00
	0.03 ± 0.00
	0.062
	0.004

	Nitrogen retention (gN/b/d)
	3.04 ± 0.06 a
	3.00 ± 0.60 a
	2.91 ± 0.02 a
	2.38 ± 0.08 b
	2.02 ± 0.01 c
	0.002
	0.11

	Apparent Nitrogen Dig. (%)
	70.57 ± 0.01 b
	76.75 ± 0.38 a
	60.60 ± 0.21 c
	58.61 ± 0.11 d
	52.45 ± 0.16 e
	0.001
	2.33


abcd means along the same row with different superscript are significantly different. (P<0.05)
Table 5. Economic analyses of broiler chickens fed varying levels of crude protein diets with amino acids supplementation

	Parameters
	Control
	Crude protein reduction/Amino acids supplementation

	
	Diet 1
	Diet 2
	Diet 3
	Diet 4
	Diet 5

	
	24.00% CP
	22.00% CP
	20.00% CP
	18.00% CP
	16.00%CP

	Cost of experimental diets (N/kg)
	720.00
	695.00
	700.00
	735.00
	750.00

	Feed intake (kg/bird)
	3.12
	3.28
	3.00
	2.84
	2.43

	Cost of feed intake/bird (N/bird)
	2246.40
	2279.60
	2100.00
	2087.40
	1822.50

	Cost of DOC (N/bird)
	300
	300
	300
	300
	300

	Cost of Liter & Charcoal 
	650
	650
	650
	650
	650

	Total cost of production/bird (N/bird)
	3196.40
	3229.60
	3050.00
	3037.40
	2772.50

	Av. Body wt of bird (kg/bird)
	1.72
	1.81
	1.71
	1.60
	1.49

	Cost of 1kg of poultry bird (N/kg)
	2300
	2300
	2300
	2300
	2300

	Total revenue/bird (N/bird)
	3956.00
	4525.00
	3933.00
	3680.00
	3427.00

	Total net returns/bird (N/bird)
	759.60
	933.40
	883.00
	642.60
	654.50


           The cost of each diet is the average cost of the broiler starter and finisher diets. Uniform cost such as labour and medication were not determined.
CONCLUSION 
This study showed that reducing dietary crude protein with amino acids supplementation had effects on growth performance, nitrogen digestibility, carcass characteristics, haematological parameters and economic benefit. The result indicated that reducing dietary crude protein to 20% CP for starter and 18% CP for finisher with essential amino acid supplementation had positive nutritional effects on the final body weight, average daily weight gain and feed intake. More so, nitrogen balance was largely influenced by the dietary treatments, as well as the economic analysis. The use of synthetic amino acids in low crude protein diets improved the utilization of nitrogen in the diets and subsequently lowered nitrogen excreted. 	Comment by Alfred Llewellyn Mark ALM. Anthony: Were this parameters tested
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